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. Abstract:Planktoncommunityandhydrologicalconditionswereassessedas a partof an
environmentaldiagnosisin SãoSebastiãoChannel,beforethebuildingof a submarineoutfall
ofproducedwaterfromtheoil maritimeterminalofPETROBRÁS.Sampleswerecollectedin
twentyoceanographicstationslocatedin the oil terminalneighboringarea,duringthe
springtimeof 1991.Dissolvedinorganicnutrientsandchlorophyll-aconcentrationsobserved
indicateanoligo-mesotrophicenvironment.Phenolsandsulfideswereabsent,BOD values,
exceptforthreesamplingpoints,werecharacteristicofunpollutedenvironments,aIthoughoil
andgreasewerefoundin half of the sampledstations.Phytoplanktonand zooplankton
communitiespresentedhighdiversityandevennessindicesfortheentirearea.Phytoplankton
wasdominatedby phytoflagellàtesandzooplanktonwasdominatedby copepods,mostly
Paracalanusquasimodo.Planktoncommunitycompositionwassimilartothatfromadjacent
regionsunderlowanthropogenicinfluence.
. Resumo:A comunidadeplanctônicaecondiçõeshidrológicasforamavaliadascomopartedeum
diagnósticoambientalnoCanaldeSãoSebastião,previamenteà construçãodeumemissário
submarinodeáguadeprodução,riundadoterminalmarítimodaPETROBRÁS.As amostras
foramcoletadasem vinteestaçõesoceanográficassituadasna áreaadjacenteao terminal
petrolífero,durantea primaverade 1991.As concentraçõesde nutrientesinorgânicos
dissolvidosedeclorofila-aobtidas,indicamumambienteoligo-mesotrófico.Fenóisesulfetos
nãoforamdetectadoseosvaloresdeDBO,comexceçãodetrêspontos,foramcaracterísticos
deambientesnãopoluídos,apesardacontaminaçãop róleosegraxastersidoobservadaem
metadedasestaçõesamostradas.O fito e o zooplânctonapresentaramaltosíndicesde
diversidade equitatividadeparatodaáreaestudada.O fitoplânctonfoi dominadopor
fitoflagelados,enquantoque o zooplânctonfoi dominadopor copépodos,especialmente
Paracalanusquasimodo.A composiçãodacomunidadeplanctônicafoi similarà deoutras
áreasadjacentes,sobbaixapressãoantropogênica.
·Descriptors:Phytoplankton,Zooplankton,Nutrients,Suspendedmatter,BOD, Oil andgrease,
Environmentaldiagnosis,SãoSebastiãoChannel.
. Descritores:Fitoplâncton,Zooplâncton,Nutrientes,Materialem suspensão,DBO, Óleose
graxas,Diagnósticoambiental,CanaldeSãoSebastião.
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Introduction
The environmentaldiagnosis for the
assessmentof anthropogenicmpactsis a general
concernanda goodevaluationrepresentsa great
challenge.Identificationofstressindicatorshasbeen
searchedintensivelythroughthe last decades.
Accordingto Rapport(1992)severalcharacteristics
shouldbeconsideredin thehealthassessmentof an
aquaticecosystem:biotic communitystructure,
speciesdiversity,foodchainlengthandpopulation
stabilityaresomeexamples.
São Sebastião ChanneI (SSe) and
surroundingáreas have been submittedto
anthropogenic impacts, especiallyafter the
buildingof the São SebastiãoHarborand of the
"Duto e TerminaisCentroSul" (DTCS), an oil
maritimeterminal.DTCS will contributewith
anothercontaminationsourcefor SSC waters:ao
aqueous eftluentcomposedmainlyby produced
water(asub-productoriginatedprincipallyin theoil-
bearingformation).In theearlylifetimeof an oil
field,produced water content is smaIlbut it
constitutesan increasingITactionoftheproduction
stream with time,until it getstoo largefor
economicoil production(SommervilletaI., 1987).
Duringtheproductionprocess,waterandoil become
very intimatelymixed, and oil dropletsand
componentsITomthe oil and addedproduction
chemicalswiIl disperse or dissolve into the
productionwater.This mayincreasethetoxicityof
theproducedwatertowardsthemarineenvironment
(Str<j>mgrenet aI., 1995).After dischargeinto the
sea, the produced water wiIl be diluted
(dependingon local conditions).Evaporationand
biodegradationwill change the content and
composition of its inorganic constituents
(SommervilleetaI.,op.cit.).
Thepresentworkwasconductedpriortothe
buildingof the DTCS submarineproducedwater
outfaIl, in orderto establisha baselinedescription
for futuremonitoring.Beyondtheproducedwater,
theaqueouseftluentshouldcontainballastwater,
high salinitywater(resultantITomthe crudeoil
desaltingprocess)and land drainagewatersITom
DTCS area. As a part of this pre-monitoring
program,sponsoredbyPETROBRÁS,otherstudies
werecarriedolitrelatedto thedeterminationof the
potentialtoxicityof this eftluenthroughbioassays
using:thediatomSkeletonemacostatum(Aidaret
aI., submitted),the gastropod Costoanachis
sertulariarum(Souza& Tommasi,1997)andthe
mysidPromysisatlantica(Phanet aI., 1994).All
thesestudiespointedout the high toxicityof the
eftluentindicatingthenecessityof a pre-treatment
andcontrolledisposal.
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Studyarea
São SebastiãoChannel(SSe) lies at the
Northeastcoastof SãoPauloState(ITom23°4]'S -
45°]9'W to 23°53'S - 45°30'W), delimitedby the
Serra do Mar s]opesand SãoSebastiãoIsland
(Fig. I). ThisfunneIshapedchanne]is curveda]ong
its25km extensionwiththenarrowestpart(2 km
wide)in thecenter,enlargingupto 7.2km, atthe
Southementrance,and5.6kmattheNorthernone.
Along the longitudinalaxis, depthsrangeITom
around20mattheentrancesupto50min theinner
portion.Thedeepestpartof thislongitudinalaxisis
closertotheis]andmargin,beingcalled"mainaxis"
or navigationchannel(Silva, ]995). High ]ands
surroundSSC providingsubstantialwindprotection
ITom the open sea (Furtado, ]978). Such
characteristicsafford optima]conditionsfor the
establishmentof harbor activities.Indeed,SSC
shelterstheDTCS whichis thelargestbrazilianoil
terminal,previouslynamedas"TerminalA]mirante
Barroso(TEBAR)", in operationsince1967,and
alsooneofthemoreimportantbrazi]ianharbors,the
São SebastiãoHarbor.As a consequence,the
channelis ITequentlyexposedto theintroductionof
small amountsof oil ITomtheroutineprocedures
at DTCS. In addition,severa]accidenta]oi] spills
have occurredin the area.SSC has a]so been
submittedto intenseanthropogenicimpactsuchas
coastalandoccupation,urbansewageinputsand
touristexp]oitation.In spiteof thesevu]nerable
conditions,few studieshave been carried out
focusingthisarea.
TheChanneIisdominatedbyCoasta]Water
(CW)butduringspringandsummer,a flowofhigh
salinityandlowtemperaturewaters(ACAS) canbe
detectedin thedeepest]ayers,main]ycloseto the
SouthementrancewhichactsasaductfortheSouth
Atlantic Central Water (SACW) penetration.
Currentsin SSCarepredominantlytoNortheastand
theymaybehighlyvariablein spaceandtime.Wind
is themainforcingagentonwatercircu]ation,while
tidal currentshavea negligibleinfluence(Castro
Filho,1990).Strongcurrents{upto 1.4.knots)area
commonfeaturein themainaxisandsêdimentation
processesare morepredisposedto occur in the
continentalmarginsthanin theinsularside(Furtado,
1978).Aromatichydrocarboncontaminationwas
detectedin manypointsalongthechanne](Weber&
Bícego,199]):Authorsattributethehigh variation
levelsto the oi] inputsITombothDTCS"and oi]
tankerspresentin thearea duringthe samplings
associatedtothesurfacewatercircu]ation..Plankton
communityof the Southernpart of SSC was
evaluatedbyGaetaetaI. (1990)duringtheautumn.
Phytop]anktonwas largely dominated by
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phytoflagellatesfollowed by diatoms and
zooplanktonindividuais(predominantlycopepods)
showeda wide rangeof feedingbehavior.The
authorspointedoutnostressindicators.
Material and methods
Thisstudywascarriedoutduringtheaustral
spring(October1991)in theneighboringareaof the
DTCS, surveyedthroughthe samplingsin twenty
stations(transectsA, B, C andD, Fig. I). Samples
weretakenoncein eachstation,at threewater
columnlevels (surface,mid-waterand bottom),
accordingto the stationlocal depth(Table I).
Temperaturemeasurementswereobtained"in situ"
usingreversingthermometersandunderwaterlight
penetrationwas estimatedthroughSecchi disk
readings.Euphotic zone thickness(z"u) was
computedfollowingtheequationgivenby Poole&
Atkins(1929).
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Fig. 1.SãoSebastiãoChannel,attheNortherncoastof SãoPauloState,andthe
positionof the20oceanographicstationsperformedattheneighboringarea
oftheDTCSoil terminal.
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TableI. Dataonthe20oceanographicstationsperformed
at SãoSebastiãoChannel:position,localdepth,
samplingdepths and euphoticwne (Zeu)
thickness.
Station Lat.
.L§
Long.
.L:!1
Localdepth Sampling Zeu
(m) depth(m) (m)
2346'48" 4522'43"
2 2346'42" 4522'36"
3 2346'32" 4521'54"
4 2346'42" 4521'54"
5 2346'36" 4521'48"
6 2347'06" 4522'48"
7 2347'06" 4522'42"
8 2347'30" 4522'34"
9 2347'14" 4522'00"
10 2347'12" 4521'54"
11 2348' 18" 4522'06"
12 2348'09" 4522'30"
13 2347'57" 4522'42"
14 2347'49" 4522'54"
15 2347'48" 4523'07"
16 2349' 17" 4523'02"
17 2349' 18" 4523'21"
18 2349'11" 4523'37"
19 2349'00" 4523'51"
20 2348'46" 4523'53"
6
10
30
22
10
6
20
31
15
6
6
20
36
21
6
7
20
43
20
7
o
2.5
5
O
4
O
14
28
O
10
20
O
4.5
9
O
2.5
5
O
7
14
O
15
30
O
7
14
O
3
6
O
2.5
5
O
9
18
O
17
34
O
9
18
O
2.5
5
O
3
6
O
9
18
O
21
42
O
9
18
O
3
6
10.8
13.5
13.5
10.8
9.5
8.1.
31.0
30.0
21.6
16.2
24.3
30.0
13.5
13.5
5.4
12.0
10.8
9.5
10.8
6.7
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Salinity was determinedfrom samples
collectedwithNansenbottlesandanalyzedby the
inductivemethod.Conductivityratioswereconverted
to salinity values following UNESCO (1981).
Samplesfor chemicalandbiologicalanalyseswere
takenwithVan Dom bottles.Watersampleswere
filteredthroughGF/F Whatmanfilters,whichwere
usedfor phytoplanktonpigmentsand suspended
matterdeterminations.Filteredwaterwasfrozenfor
posteriordeterminationfnitrate,nitrite,ammonium
(Aminot & Chaussepied,1983),phosphateand
silicate(GrasshoffetaI., 1983).TotalChlorophyll-a
(Chlorophyll-a+ Phaeophytin-a)was determined
accordingtoLorenzen(1967)andsuspendedmatter
(total, organicand inorganicfractions)by the
gravimetricmethod(APHA, 1985).Samplesfor
otheranalysesweretakendirect1yfromthebottles.
Totaloil andgrease(partitiongravimetricmethod
aftersolventextraction),sulfide(iodometricmethod),
phenols (4-aminoantipyrine method) and
biochemicaloxygendémand(BOD)weredetermined
accordingtoAPHA (op.cit.).
Bottlesamplesforphytoplanktoncountings
(Utermõhl, 1958) were fixed with neutral
formaldehyde (0.4% final concentration).
Microphytoplanktonsamples were taken by
horizontaltrawlsin surfacewaters(netof 30 11m
mesh)andpreservedwithneutralformaldehyde(4%
final concentration).The qualitativeanalysiswas
performedunderaphasecontrastopticalmicroscope.
A verticaltrawlingwitha netof 20011m
meshand 50 cm mouthcollectedzooplankton
samples.Theorganismswerepreservedwithneutral
formaldehyde(4% final concentration).Water
volumespassedthroughthenetwereestimatedas
describedby Boltovskoy(1981).Subsampleswere
obtainedusingMotodasampler(Omori& Ikeda,
1984).
Diversity(H')andevenness(r) indiceswere
computedaccordingtoShannon-Weaver(1963)and
Pielou (1966) consideringonly the identified
organisms(at leveI of generaor species)of
phytoplanktonand zooplankton communities.
Indicesfor phytoplanktonwerecomputedbasedon
thesumof resultsobtainedat thethreedifferent
. depthsin eachstation.Zooplanktoni diceswere
computedbasedon.Copepodcounts.
PrincipalComponentAnalysis(PCA, sense
Legendre& Legendre,1983)was appliedto the
physical(temperature,salinity),chemical(dissolved
nutrients,oil andgrease)andbiological(totalChl-a,
active Chl-a, BOD, suspendedmatter and
phytoplanktondensity)datasets.Zooplanktondata
werenotincludedin theanalysison accountof the
samplingmethodology.Each descriptorset was
transformedtonormalizedvariableswithzeromean
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and unit variance.The analysiswas doneusing
FITOPACsoftware(Shepard,1994).
Results
Verticaldistributionofthestudiedvariables
intransectsA, B, C, andDareexhibitedrespectively
inFigures2,3,4and5. .
Onalltransects,thewatercolumnshoweda
continuousthermai stratificationwithouta defined
thermocline.Temperaturesvaried fi'om 25.20°C
(surface)to 17.25°C(bottomwaters),indicatingthe
presenceofCW in theupperlayersandwaterswith
high degreeof mixturewith SACW below25 m
depth.Theseassumptionsarebasedon Aidareta!.
(1993) thatconsideredthe 18°Cisothermas the
limit for watersunderSACW influence.Salinity
rangedfi'om34.98to 35.52increasingdownward.
Dissolved nutrients exhibited increasing
concentrationswith depthdueto theinfluenceof
the nutrientrich SACW inbottomlayers.Nitrate
wasthemaininorganicnitrogenform,varying&om
Oto 3.2flM in CW domainandfi'om4.10to 6.30
flM in SACW.Ammoniumaveragevalueswere0.35
(I 0.23)flM in CW and0.61(IO.20)flM in SACW
domain.Total inorganicnitrogen(TN = N03"+
NH/ +NOz")exhibitedhighervaluesin transectA,
while in the superficialayers (0-15m) of the
transectsB, C andD, concentrationsremainedbelow
1.0 flM. Phosphateshowedsimilar distribution
patternin all transectswith concentrationslower
than0.30flM above10m depth,increasingup to
0.,83flM (maximum value) downwards.The
silicatemeanvaluein the upperlayerswas 1.84
(IO.81)flM wheteason bottomwatersthisvalue
was4.42(I 0.52)flM. Highersilicateconcentrations
in upperlayerswererecordedin transectD. N:P
ratiosshowedlowvalues(0.95: 1to 12.29: 1)onall
transects,even in bottomwaters.Such results
demonstratethat SSC watersare deficientin
inorganicnitrogenforms.
Oil andgrease(OG) weredetectedin all
stationsof thetransectA, wherethehighestleveI
was obtained(6 mg r\ St. 2, surface).Surface
watersof stations6, 7, 14, ]7, 18 and ]9 also
exhibitedsomecontamination.BOD valueswere
lowerthan5mgrI exceptfor stations2 and]5
(6 mg rI) andstation16(14mg rI). Pheno]and
sulfidewerenotdetectedinthesamplingpoints.
Zeuwasatapproximately]2mintransectA
and11mintransectD (TableI). Thehighestdepths
ofZeuwererecordedin thecentralstationsof B and
C transects(around30m). A significantreduction
was detectedin stations6, 15 and 20 generaIly
relatedto thehighertotalsuspendedmatter(TSM)
contentin thewatercolumn.TheTSM distribution
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exhibitedhighconcentrationsatmidwaterscloseto
the marginsespeciallyat the insularedge.This
distributionseemedtoberelatedtothecurrentaction
in sedimentsuspension.TSM was comprised
basicallybyinorganicmaterialbutthehighestvalues
wereassociatedwith the increasein the organic
fi'action(OSM)thatcontributedwithmorethan80%
of thebulk, in suchcases.This featureis clearly
illustratedin theTSM andOSM distributionprofiles
intransectsA toC (Figs2to4).
Phytoplanktonbiomass(O.]6 to 6.42mg
Chl-am.3)wassimilartotherangeobtainedin other
studiesatSSC(Gianesella-Galvãoetai.,1997;Gaeta
etai., 1990)andin neighboringareas(Aidaretai.,
1993;Zillmann,1990).Chl-aconcentrationstended
to increasedownwardanditsspatialpatternshowed
acloserelationshiptotheOSMintransectsA andD.
A largeproportionoftotalChl-awasin activestate,
speciallyin themiddeeplayers,suggestingtheceIls
werein a goodphysiologicalstateor undera low
zooplanktongrazingpressure.
The480/665nmratioscomputedfromthe
absorbanciesof pigmentextractsin acetone90%
can be usedas an indexof nutritionalstateof
phytoplanktoncells (Heathet aI., 1990).Results
lower than 2.0 indicatedgoodconditionsin
transectA and below 15 m depthin the other
transectsin general,while ratioshigherthan2.4
indicatedseverenutritionaldepletion.Comparing
theprofilesof inorganicnitrogenand480/665nm
ratio(Figs2 to5),therelationbetweenlownitrogen
levelsand phytoplanktoncells undernutritional
depletioncanbeclearlyestablished.
Total phytoplanktondensityrangedfrom
11.2105to67.3105cellsrI, withthehighestvalues
observedcloseto theedges.Phytoflagellateswere
the most abundantgroup,comprisingaround70%
of the total numberof organisms.Diatomswere
thenextmostabundantgrouprepresenting22to27
% of thetotalphytoplanktonobserved(Fig. 6). At
stationsII (midandbottomwaters)and7 (bottom)
diatomswerethedominantgroupandtheywereas
abundantas flagellatesat thesurfaceof stations9
and14,mid-waterofstations10,14and15,andat
station6(bottom).
Qualitatively,53phytoplanktonictaxawere
identified: 43 diatoms, 8 dinoflageIlates,I
cyanobacteria(Anabaenasp)and ] silicoflagellate
(Dictyochafibula).ThisexcludesthephytoflageIlate
groupandunidentifiedspecies.Themostimportant
diatomspecieswereLeptocylindrusdanicus,L.
minimus,Dactyliosolenfragilissimus,Skeletonema
costatumand Pseudo-nitzschiasp. DinoflageIlates
weremostabundantat station2 and the more
fi'equentgenerawere Cochlodinium,Gonyaulax,
Gymnodinium,ProrocentrumandProtoperidinium.
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Microphytoplankton (considered the
fractionabove20 f.lm)showeda predominanceof
diatoms and few dinoflagellates.The most
representativediatomgenerawerethe samefound
for totalphytoplankton,includingProbosciaalata
and Hemiaulus membranaceus.Among the
dinoflagellates,Ceratiumfurca, C. fusus and
Gonyaulaxsp were the most frequent.The
cyanobacteriaAnabaenaspwasscarcelyrepresented.
Somediatomcells with deformedvalves
wereobserved,in about20%of thesamples,mainly
the speciesEucampia comuta, Leptocylindrus
danicus, Nitzschia sp, Proboscia alata and
Rhizosoleniasp.Thesecellsoftenseemedto be in
poorphysiologicalconditions(Fig.7).Suchsamples
carnefromstationslocatedNorthof theDTCS and
generallycloserto the islandsideand in various
waterdepths:surface(St.4, 10and14),midwaters
(St.1,2,3,7,8,10and11)andinbottomwaters(St.
3,7and9). .
Phytoplanktonecological indices are
presentedin Table2.TransectA showedthehighest
richness.Diversity(H) rangedfrom1.53to3.53and
evenness(J') rangedfrom0.46to 0.77.Thehighest
H' and l' valueswerefoundatthestationsalong
thechannelmainaxis(St.3,4,7,8, 13,17and18).
Actually, if othergroupsof organisms,suchas
small unidentifiedcentricand pennatediatoms,
coccolitophoridsand phytoflagellateshad been
consideredfor the determinationof theseindices,
valueswouldcertainlybeimproved.
Zooplanktondensityrangedfrom2 103orgs
m-3(St.1)to27.68103orgsm-3(St.6). Lowvalues
wereobservedat transectA and in the stations
locatedin themainchannel(St. 8, 13,18and19)
wherecurrentsarestronger.High biomassvalues
werefoundat stations6, 7, 9, 11,15,16and20.
Thesestationsareshallowerandexperienceweak
currentaction(Fig.8).
Speciescompositionwas similar at all
stations.Copepodswere thedominantorganisms
at 80%of stationsandcomprisedaround50%of
thetotal zooplankton.Among the 25 identified
taxa,Calanoidacomprised80%of copepodnumber
at60% of the stations.Paracalanusquasimodo
wasthedominantspeciesfollowed by Temora
stylifera,contributingboth from 51% to 82%of
the total copepods.Ao exceptionto thispattern
wasfound at station20 whereAcartialilljeborgi
and Pseudodiaptomusacutus were the most
importantspecies,comprisingtogether68%of the
totalcopepods.Paracalanuscrassirostrisrepresented
11% of the copepodsat station 19 whereas
Centropagesvelificatus7% at station17. Less
abundantspecieswere Clausocalanusfurcatus,
Ctenocalanus vanus, Ctenocalanus sp,
Nannocalanus minor,
Calocalanus styliremis,
Calanopiaamericana,in
order.
Eucalanus
Labidocera
a decreasing
pileatus,
jluviatilis,
importance
Fig. 7. Deformedva\vesobservedin some
Rhizosoleniaspcells.
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Table2. Ecologicalindicescomputedfor phytoplankton
identifiedspeciesatthe20samplingstationsin
SãoSebastiãoChannel(spring/9l).
STATION DENSITY
(cellsl")
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
2,267,265
2,987,985
2,319,818
1,816,815
1,726,725
1,696,695
2,064,563
1,524,023
2,192,190
1,861,860
2,102,100
1,861,860
900,900
1,629,128
1,861,860
2,417,415
1,433,933
840,84
1,148,708
1,178,678
IIIClINESS DIVERSITY
(5) (H')
Organisms / L
30
25
20
15
10
5
o
15
19
24
22
20
16
11
19
16
10
16
11
17
10
13
16
17
17
12
9
2.15
2.84
3.53
3.09
2.91
2.80
2.64
3.02
2.49
1.53
2.39
2.29
3.00
2.37
2.19
2.13
3.02
3.06
2.41
2.40
H'MAX
(109,5)
3.91
4.25
4.58
4.46
4.32
4.00
3.46
4.25
4.00
3.32
4.00
3.46
4.09
3.32
3.70
4.00
4.09
4.09
3.58
3.17
EVENNESS
(J')
The second most abundantgroup was
Cyclopoida(5 up to 30% of the totalcopepods),
being Corycaeusf{iesbrechtithe secondmost
importantspecies(in terms of number and
fTequency),reaching30%of copepodsatstation11.
CorycaeusamazonicusandOithonahebesexhibited
maximumcontributionaround7% of the total
copepodswhile Oithonaplumiferaand o. nana,
Oncaeacurta,o. mediaand o. venustafulfilled
around2.5%.
The SuborderHarpacticoidawas less
importantin termsof numberand fTequency.Its
greatestcontributionwasatstations19and20with
17% and 14% respectively,given mainly by
Euterpinaacuttfrons.Microsetellanorvef{icand
Clytemnestraostratawerealsopresent.
C1adoceransand appendicularianswere
more abundantand fTequentalongthechannel
mainaxis,performinga totalof 14%(St. 10)upto
45% (St. 2) of total zooplankton.Echinoderms,
chaetognaths,fi hlarvaeandannelidswerefTequent
butnotabundant.
Ecologicalindicescomputedfor Copepod
arepresentedin Table3. Richnessvaluesranged
fTom6 to 15.Thelowestvalueswerefoundnext
theDTCS (St. 11to 13and20)whilethehighest
richnesswas foundat stations2 to 5 and 15.
DiversityrangedfTom1.15to2.47.ln ageneralway,
lowdiversitywasfoundatthestationsclosetotheoil
0.55
0.67
0.77
0.69
0.67
0.70
0.76
0.71
0.62
0.46
0.60
0.66
0.73
0.71
0.59
0.53
0.74
0.75
0.67
0.76
_ other groups, _ copepods I/I total
2 3 4 5
I
6 7 8 9 10
1
11 12 13 14 15
1
16 17 18 19 20
A B C D Stations
Fig.8.Totalzooplanktondensity(orgtI) andthecontributionoftheCopepodsrelated
totheothergroups,inthe20stations.
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Table3.EcologicalindicescomputedfortheidentifiedCopepodatthe20samplingstations
in SãoSebastiãoChannel(spring/91).
terminal(stations6, 11and12),Northwards(St.8,
9, 10)andatstation18.EvennessrangediTom0.36
to0.74(St.19)withthelowestvaluesdetectedatthe
samestationsof low diversity.ln suchcases,the
dominant species was always Paracalanus
quasimodo,sometimesfollowed by Corycaeus
giesbrechti.
Thethreefirstcomponentsof PCA analysis
explained64%oftotalvariance.Thefirstcomponent
(42% explanation)was positivelycorrelatedto
salinity,nutrientsandchlorophyll(totalandactive)
andnegativelycorrelatedtotemperatureand480/665
nm ratio (Fig. 9a). This componentcan be
interpretedas the SACW influenceon nutrient
contentoverphytoplanktonbiomassdevelopment.
Samplingpointspositivelyprojectedin axisI were
relatedto battomor mid watersampleswithhigh
nutrientcontent,low temperatureandlow 480/665
nmratio.Suchpointsrepresentthebestnutritional
phytoplanktongrowthconditionsin deeperstations,
whichshowhighernutrientavailabilitydueto the
mixturebetweenCW andSACW. Pointslocatedin
thenegativesideofaxis I weregenerallyrelatedto
surfaceandmid(andsometimesbattom)watersof
shallowerstationsthat are characterizedby low
nutrients,low chlorophyll-andhigh 480/665nm
ratioindicatingnutritionaldeficiency.
Gil and grease concentrationsand
phytoplanktoncountsdefinedthesecondcomponent
(12.11% explanation)at thepositivesideandtotal
suspendedmatter(basicallytheorganiciTaction)at
thenegativeside.Thiscomponentcanbeinterpreted
as the currentactionrevolvingand transporting
sedimentsin the channelagainstregionsof low
currentintensityfavoringthemaintenanceorthelow
dispersionofoil andgreasespots.
Thethirdcomponent(9.88%totalvariance
explanation)is definedby phytoplanktonbiomass
(numberofcellsandChl-a)andoil andgrease(Fig.
9b).ln oppositiontothesevariablesarethe480/665
nmratiosandammonium.Thisfeatureindicatesthat
higherphytoplanktonbiomassis relatedto good
nutritionalstaterepresentedby low 480/665nm
ratio.In this way,the third componentseemsto
reflecthephysiologicalstatusof thephytoplankton
community.Samplingpointslocatedatthepositive
siderepresentphytoplanktoni healthycondition
whilethosein thenegativeonerepresentnutrient
deficientcells.
Discussion
SSC watersarethe resultof the mixing
amongCW, SACW andTW, whicharepresentin
variableproportionsover the continentalshelf
(CastroFilho,1990;Miranda,1982).The presence
of waterwith thecharacteristicsof SACW in the
channelbottomlayersisacommonfeaturesincethis
watermassreachesthechannelthroughthedeepest
southernentrancewhen it floods the inner
continentalshelfThisphenomenonismorecommon
duringspringandsummerdueto thewindpattern
(CastroFilho,op.cit.).
STATION TOTAl COPEPOD RICHNESS DIVERSITY H'MAX EVENNESS
ZOOPLANKTON DENSITY (S) (H') (Log2S) (J')
(ORGS L") (ORGS L")
1 2,000 1,200 8 1.81 3.00 0.60
2 5,824 2,368 12 2.43 3.58 0.68
3 3,708 1,375 13 2.10 3.70 0.57
4 4,549 1,610 15 2.18 3.91 0.56
5 4,316 1,716 13 1.98 3.70 0.54
6 27,680 18,440 11 1.45 3.46 0.42
7 10,960 5,904 11 2.06 3.46 0.60
8 4,750 2,792 11 1.64 3.46 0.47
9 13,646 9,838 11 1.25 3.46 0.36
10 9,180 7,560 9 1.15 3.17 0.36
11 12,420 8,280 6 1.29 2.58 0.50
12 8,544 5,909 9 1.46 3.17 0.46
13 2,646 1,601 7 1.95 2.81 0.70
14 5,387 3,286 11 2.11 3.46 0.61
15 10,540 6,380 14 2.11 3.81 0.56
16 11,361 7,281 10 1.93 3.32 0.58
17 8,957 5,352 12 1.83 3.58 0.51
18 2,560 1,322 12 1.31 3.58 0.37
19 5,760 3,008 10 2.47 3.32 0.74
20 13,038 8,238 9 2.02 3.17 0.64
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Despite the existence of a domestic
sewagesubmarineoutfall at Ponta do Araçá,
Southof thestudiedarea(Lat.23°49'1O"S- Long.
45°24'14"W), there was no indication of
eutrophicationeffectsat thechannelmainstream,
probablydueto thestrongcurrents,whichallowa
high dispersion (Soares, 1994). Nutrient
concentrationsweretypicalforwatersunderCW and
SACW III (sense,Aidar et ai., 1993)domain.
Indeed,agreatportionoftheeffluentisbroughtback
totheBaíadoAraçá(Lima,1998)leadingtoa local
eutrophication.
Consideringthat SSC is surroundedby
beaches,itswatersconstituteaprimarycontactwater
thatimpliesthatoil, grease,sulfidesandphenols
shouldbevirtuallyabsentandBODvalueshouldbe
lowerthan 5 mg rI (CONAMA, 1986).Results
indicatedoil andgreasecontaminationi half of
sampledstation and BOD values above the
acceptableimit in threepoints.Contaminationwas
more tTequentin surfaceand mid watersand
especiallyin transectsA andD, not suggestinga
directrelationtoDTCSorigino
Rapport(1992)refersto severalsymptoms
thatshouldbe consideredin the assessmentof an
aquaticecosystem.Alterationsin bioticcommunity
structurefavoringsmallerforms;reducedspecies
diversity,increaseddominanceby exoticor "r"
selectedspecies;shortenedfood chain length;
increasediseaseprevalenceandreducedpopulation
stability,aresomeexamples.
Dataobtainedin thepresentworkshowed
thattheplanktoncommunitywassimilarin termsof
biomass,densityanddiversityto oligo-mesotrophic
environmentsof theUbatubaregion(Aidaret at.,
1993;Zilmmann,1990;Vega-Pérez,1993)andthe
SãoSebastiãoinnercontinentalshelf(Gianesella-
Galvãoet ai., 1997).No significantdifferencesin
biomassandspeciescompositiontTomthosereported
byGaetaetaI. (1990)in thesouthernpartof SSC
werefound. .
Phytoplanktondiversity(H) andevenness
(r) indiceswerehigh, especiallyat the stations
locatedin themainchannel.Thiscanbeascribedto
thevariabilityofmicroenvironments,bythepresence
of CW andSACW alongthewatercolumn.Lower
valuesofH wereobservedatthemarginsdominated
by CW andunderlow turbulence(Soares,1994)
whichalsofavorslow speciesdiversity(Margalef,
1967).
Abnormaldiatomcellswerefoundat the
stationslocatedto theNorthof theoil terminal;at
thesesamestationsoil andgreasewerealsodetected,
butit is insufficienttostatethathydrocarbonsorany
associatedsubstancecould be a stress factor.
However,nophytoplanktoncellsabnormalitieswere
previouslyreportedin this region.Althoughthe
preservationof the sampleshave been done
according to the routine method used in
phytoplanktonstudiesandthesmallstoragetime,the
possibilityofthosedeformitiesberelatedtotechnical
artifacts should not be excluded.Otherwise,
Gianesella-Galvão(1982)observedmorphological
alterationsin S. costatumandL. danicusin theBay
of Santos(SP), concomitantto the presenceof
mercuryin the water.Hence,the phytoplankton
morphologyshouldbecarefullyexaminedin future
monitoringin the area, considering"in vivo"
observationsof the cells in orderto excIudethe
hypothesisof technicalartifactsdueto preservation
ofthesamplesandto identifYanyabnormalityin the
cells that could be causedby environmental
contamination.
The observed spatial differences in
zooplanktonabundancedid not showcorrelation
with watermasses.Copepoddominancein coastal
watersis a commonfeature(Bjõrnberg,1981),as
reportedpreviouslyfor thesouthernpartof SSC by
Gaeta et aI. (1990), for São Sebastiãoinner
continentalshelfbyGianesella-GalvãoetaI. (1997)
andfor Ubatubaregionby Vega-Pérez(1993).The
mostabundantspeciesof copepods,cIadoceransand
appendicularianswerethe samereportedby these
authors.
In spiteoftheoccurrenceofcolderwatersat
thedeeperstations(3, 4, 8, 13and18),no typical
cold waters specieswere found. Paracalanus
quasimodoandTemorastylifera,themosttTequent
species, are susceptibleto sewage pollution
(EPOPEM, 1979).Indeed,significantdecreasein
their populationoccurredat station20, but the
studiedphysicalandchemicalparameterscouldnot
explainsuchobservation.
ln the last decades, studies have
demonstratedthat differentzooplanktonicspecies
canchangetheirfeedingbehavioras a functionof
thequalityandquantityof theavailablefoad.There
are many evidencesthat a great numberof
omnivorousgroupscan displayseveraI degreesof
plasticity between carnivory and herbivory
(Paffenhõfer,1988;Kleppel,1993).Consideringthe
feedingbehavior,thezooplanktoncommunityin the
studiedportionof SSC canbe characterizedas - (1)
Omnivorousandprimarilyherbivorous:Paracalanus
quasimodo,P. crassirostris,Temora stylifera,
Acartialilljborgi (Tumer,1984a,b; Tumer,1987;
Gifford & Dagg, 1988); (2) Omnivorousand
primarilycamivorous:Eucalanuspileatus(Verity&
Patfenhõfer,1996);(3) Omnivorousandprimarily
raptorial,feedinganimaIsandlargephytoplankton
cells: Corycaeusgiesbrechti,C. amazonicusand
Centropagesvelificatus(Tumer,op.cit.);(4) Filter
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feedersof picoandnanoplankton:cladoceransand
appendicullarians(Alldredge,1981,Bedo et ai.,
1993); (5) Camivorous:Labidocerafluviatilis,
Calanopia americana,and the chaetognaths,
cnidariansandcirripedians(Paffenhõfer,1988).
ThelowcomputedH' valueseemtoreflect
thecompetitionamongcopepodspecies incethe
greatestpartofthemhavethesamefeedingbehavior
andthephytoplanktonbiomassis notabundant.The
Copepodominancein themajorityof stationswas
indicatedbylowl' values.
Althoughsomefluctuationsin thestructure
ofphytoplanktona dzooplanktonhavebeenshown
amongthestationsby the diversityandevenness
indices,theseparametersfailed to indicateany
discontinuityin theareathatcouldbeattributedtoa
stressfactor.Thesefluctuationsseemtobeprimarily
relatedtothephysicalstructureof theenvironment.
In spiteof thefactthatthestudiedvariableshave
pointed out a healthy ecosystemcondition,
morphologicalabnonnalitiesfound in some
phytoplanktonicorganismsmaysuggestthepresence
of stressfactors.Theremaybea numberof other
factors,detectableornot,tobefurtherconsideredin
additiontothosewehavestudied.As oil andgrease
werefoundin half of the sampledstations,these
contaminantsor anyassociatedsubstancecouldbe
actingasstressagent.
Aidaretai. (submitted)testedtheeffectsof
the effiuentto be dischargedby DTCS into the
channeI,in Skeletonemacostatumbioassays.They
verifiedthatthiseffiuentmightbeextremelytoxic,
sincetheECsowasobtainedin therangeITom0.18
to0.30% ofeffiuentconcentrationafter48and96h
respectively.Similar results were obtainedin
bioassayscarriedoutby Souza& Tommasi(1997)
withthegastropodCostoanachissertulariarumand
by Phanet ai. (1994)with the mysidPromysis
atlantica.Thesestudiesshowedclearlythe high
degreeof injurythatthiseffiuentdisposalis ableto
causeto thesystemif it will notbeprocessedin a
verycontrolledway,andalsoindicatetheimportance
of continuousmonitoringto evaluatepossible
alterationsinducedbythisanomaloussource.
Theidentificationofstressconditionsin the
environmentis crucialto the establishmentof a
propersystem-management.Thus,theimportanceof
developingstudieson environmentaldiagnosis
paralleltotoxicologicalbioassaysi undeniable
Conclusions
ln spite of the single samplingperiod
performedfor the presentstudydo not allow
inferenceson thenaturalvariabilityof thesystem,
theresultshereobtained,duringa springcondition,
indicatedthatthe environmentaroundthe DTCS
areadidnotdifferITomadjacentareasunderlower
anthropogenicpressure.Thenutrientconcentrations
and phytoplanktonbiomassobservedwerein the
range of coastaloligo-mesotrophicareas. The
statisticalanalysesfailedto indicatethatoil and
greasewereimpactingphytoplanktoncommunity.In
addition,the examinedindices of the biotic
communitystructureshowedno indicationof stress,
sincethecommunitydisplayedhighdiversityindices
andzooplanktoncommunitycomprisedindividuaIs
of variousfeedingbehaviorsaffordingmanytrophic
interactions.
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